Predicting the flowfield around an entry body for an " equilibrium regime and the radiation emitted by the equilibrium flowfield can be done more confidently; predicting nonequilibrium radiation is difficult because of the complex nature of the nonequilibrium radiation phenomena. However, in the last few years, through concerted theoretical 5-s and experimental 9-12 efforts, it became possible to predict the radiation features in the region of peak nonequilibrium radiation with fair accuracy. This is accomplished by using a computer code named Nonequilibrium (NONEQ), s which is an expanded version of the code Nonequilibrium Air Radiation program (NEQAIR),6 which accounts for the nonBoltzmann populations of electronic states and carries out detailed line-by-line calculation of both atomic and molecular lines.
Questions remain as to how well the NONEQ code predicts the radiation phenomena in the very low density regime where the nonequilibrium peak does not occur in the shock layer. That is, the truncated flow where the available flow time is shorter than the time needed for the flow to reach the peak nonequilibrium radiation point. The freestream conditions are those of the present experiment to be described in detail later. As seen here, the radiation emission peaks.
Recently
If the shock layer thickness is larger than the distance to the peak radiation point, as indicated in the figure as the AFE vehicle condition, then the fiowfield can be said to be in moderate nonequilibrium.
The existing NONEQ and similar codes correctly predict the total radiation power emitted in this case. A highly nonequilibrium flowfield is one in which the shock layer thickness is shorter than the distance to the peak radiation point, as indicated in the figure as the present arc-jet test condition.
The discrepancy between the measurements and calculations for the Bow Shock flights occurred when the flow environment was in this highly nonequilibrium regime. The experimental work is carried out with a model placed in the testsection of an arc-heated wind tunnel.
The radiation incidenton the stagnation point of a fiat circulardisk is detected using a grating spectrograph. In addition to air and argon, a small amount of copper is in the stream, which, based on the mass loss of the electrodes, is judged to be about 50 ppm by volume on the average. 14 Vaporization of copper electrodes occurs mostly during the start-up and shut-down processes. During the run, copper vaporization is small when the settling chamber pressure is low. At 1 atm settling chamber pressure maintained in the present study, the copper content in the flow is believed to be much less than 50 ppm.
Such low concentration of copper vapor is inconsequential to the flow properties, 14 and therefore the presence of copper is neglected.
In order to determine the flow enthalpy, the characteristics of the arc discharge in the arc-constrictor are first calculated using the code Arc Heater Flowfield (ARCFLO). 15 The code yielded the centerline enthalpy value of 57 MJ/kg at the exit of the constrictor. In the past, the centerline enthalpy values have been compared with the enthalpy values deduced from the heat transfer rates to the stagnation point of a sphere placed in the flow. The heat transfer rate-deduced enthalpy values were slightly more than half the centerline enthalpy value at the exit of the arc constrictor.
The difference is believed to be caused by the mixing in the settling chamber placed between the exit plane of the arc constrictor and the nozzle entrance. 2°Based on this observation, the enthalpy in the test section is judged to be approximately 30 MJ/kg. The equilibrium conditions based on this enthalpy value and the known pressure in the settling chamber are given in Table 2 . Table   2 . This is a consequence of strong nonequilibrium phenomenon in the shock layer. Table 2 .
S-"_ -

Comparison
With
The thermochemical nonequilibrlum relaxation processesin the nozzle are calculatedusing the one-dimensional Nonequili_rl_imn-Temperature (NOZNT) code.14 The code recognizes the differencesamong the vibrationaltemperatures ofdifferent moleculesbut assumes the electronicexcitationto be characterizedby the electron temperature. The electron-electronic temperature is not equated to the vibrationaltemperature of any species.
The code has been validatedagainstthe existingexperi-mental data in Refs. 14 and 21. along with the total radiation emission power calculated using the NONEQ code. The solutionobtained from the one-dimensional code is shown in Fig. 8(a) and (b)forthe 30 MJ/kg case. As seen in the figure, there issubstantialvariationin the temperatures and concentrationsof the speciesacrossthe shock layer. The two-dimensional code yielded approximately the same results.
Spectral Calculation
The spectral intensities are calculatedforthe flow properties shown in Figs. 8(a) and (b) using the spectral part of the NONEQ code. Presently the code allows calculation of nonequilibrium radiation only for nitrogen, oxygen, and carbon. Therefore presence of argon was neglected in the code. Figure 9 shows the comparison between the measured "and the calculated spectra.
As seen here, the calculation approximately reproduces the intensities of the atomic lines, but underestimates the background radiation composed of bound-free and free-free continua and molecular radiation. In order to verify that this large discrepancy is not due In Fig. 10 , the solution for the enhanced reaction rates is compared with the original solution.
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As seen here, there is a significant reduction in electron temperature in the peak'region and an increase in total radiated power. Nev- Through a trim and error procedure, the factors that gave the best agreement with the experimental data are given in Table 5 . The resulting synthetic spectrum is compared with the experimental data in Fig. 11 . 
Explanation of Discrepancy
As shown in Fig. 1, the present Fig. 11 . Comparison between the measured spectra and the spectra calculated with enhanced reaction rates and intensity factors.
As indicated in Fig. 12, the The present work indicates that the features of the nonequilibrium spectrum seen in an arc-jet wind tunnel test are the same as those in flight or in a shock tube experiment. This is an indication that an arc-jet experiment can be used for the purpose of studying nonequilibrium radiation phenomena. Work is presently in progress to reduce the visible and the vacuum ultraviolet spectral data obtained in the experiments mentioned earlier.
Conclusions
The spectra of the shock layer radiation incident on the stagnation point of a blunt body were measured in an arcjet wind tunnel in the wavelength range from 600 to 880 nm in a highly nonequilibrium regime using an air-argon mixture as the test gas. Synthetic spectra were produced through the computation of the constricted-arc character- 
